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ALTITUDE PERFORMANCE CHARACTERISTICS OF THE J47-25 
TURBOJET ENGINE - DATA PRESENTATION 


By Paul E. Renas and Emmert T. Jansen 


SUMMARY 
An investigation was conducted in an altitude test chamber at the 
NACA Lewis laboratory to determine the altitude performance of the 
J47-25 turbojet engine operating with a fixed-area exhaust nozzle. Data 
were obtained over a range of engine-inlet Reynolds numbers corresponding 
to altitudes from 18,000 to 54,000 feet and flight Mach numbers from 
0.50 to 1.10. 


Reducing the engine-inlet Reynolds number resulted in a reduction 
in corrected air fiow but had essentially no effect on corrected 
exhaust-gas total temperature, corrected fuel flow, and engine pumping 
characteristics for a range of Reynolds number indices from 0.80 
to 0.30. The corrected jet thrust parameter generalized throughout the 

E range of engine-inlet Reynolds numbers investigated. 


At a given corrected engine speed with critical pressure ratio 
existing in the exhsust nozzle, increasing the engine-inlet ram-pressure 
ratio from 1.0 to 1.25 decreased the corrected exhaust-gas temperature. 
Further increases in ram-pressure ratio had no effect on the exhaust- 
gas temperature. 


É 
i 
INTRODUCTION 

An investigation was conducted in an NACA Lewis altitude chamber 
to determine the altitude performance characteristics of a J47-25 axial- 
flow turbojet engine over a range of engine-inlet Reynolds number 
indices corresponding to altitudes from 18,000 to 54,000 feet and flight 
Mach numbers from 0.50 to 1.10. In order to simplify the procedure in 
obtaining performance data and to make the äata applicable to any flight 


condition, Reynolds number index > T 
: NP 


Reynolds number at a given corrected engine speed and is a function only 


y which is proportional to 


EN. | ASSIFIED 
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of engine-inlet total pressure and temperature, was used instead of vari- 
ous set altitudes and flight Mach number combinations (reference 1). By 
the technique just mentioned, the data obtained in this investigation 
may be used to obtain the performance of the engine at any flight con- 
dition for which critical flow exists in the exhaust nozzle. An example 
is included in the appendix to illustrate the method of obtaining con- 
ventional performance parameters for a given flight condition from the 
data such &s presented herein. 


In addition to the basic engine performance, data were obtained in 
which the effects of variation of engine-inlet conditions on exhaust-gas 
temperature and thrust were observed. These effects are of importance 
from the standpoint of aircraft take-off and day-to-day weather 
variations. 


All performance data obtained in this investigation are presented 
in both graphical and tabular form. 


APPARATUS 


Engine 


The J47-25 axial-flow turbojet engine used in this investigation 
has a twelve-stage compressor, eight tubular combustion chambers, and a 
single-stage turbine. The engine has a static sea-level thrust rating 
of 6060 pounds at the rated engine speed of 7350 rpm and an engine manu- 
facturer's turbine-outlet temperature of 1245% F. The compressor air 
flow is approximately 104 pounds per second and compressor pressure 
ratio is 5.3 at rated sea-level conditions. A conical exhaust nozzle 
heving an area of 298.5 square inches was installed on the engine. 
Operation of the engine with this nozzle produced an average 
tail-pipe total gas temperature of 17109 R (12509 F), which is based on 
NACA instrumentation at static sea-level conditions and rated engine 
Speed of 7950 rpm. The maximum dimensions of the engine are a 37-inch 
diameter and a 144-inch over-all length exeluding the cylindrical tail 


pipe and the exhaust nozzle. The total weight of the engine ig 2653 pounds. 


Installation 


The altitude test chamber in which the engine was installed is 
10 feet in diameter and 60 feet in length. The test chamber is divided 
into three sections separated by bulkheads: the air-inlet section, the 
engine compartment, and the exhaust section. The engine was mounted on 
a thrust-measuring bed. A front bulkhead, which incorporated a labyrinth 
seal around the forward end of the engine, provided for freedom of move- 
ment of the engine in an axial direction. A rear buikhead was installed 
to act as a radiation shield and to prevenv EE of the hot 
exhaust gases about the engine. 


+ 


9292 


2625 


NACA RM E52G22 FA. 3 


Instrumentation 


The location of the instrumentation stations before and after each 
of the principal components of the engine is shown in figure 1. 
Sketches showing the arrangement of the separate temperature and pres- 
sure probes within a given station are presented in figure 2. The 
total-pressure tubes at stations 1 and 9 were located at the centers of 
24 and 6 equal areas, respectively. The thermocouples at stations 1, 
3, 5, and 9 and the total-pressure tubes at stations 3 and 5 were 
located on approximately equal spacings. The instrumentetion at the 
engine inlet (station 1) was used in calculating the altitude and flight 
Mach number correction factors 0, 5, and q. (ALl symbols are defined 
in the appendix.) The pressure and temperature measurements at sta- 
tion 9 were used to calculate ideal or rake jet thrust and nozzle gas 
flow. Measured jet thrust was also determined from scale readings for 
each condition investigated. The atmospheric pressure surrounding the 
jet nozzle was measured by four lip static probes located in the exhaust 
portion of the chamber (station 0). 


Fuel flow was measured by two rotameters connected in series and 
calibration of the rotameters was made with the type fuel used in this 
investigation (MIL-F-5624A, grade JP-4). 


PROCEDURE 


The inlet conditions were varied to correspond to Reynolds number 
indices from 0.15 to 0.80. For each inlet condition, the exhaust pres- 
sure was reduced to the minimum of the exhaust system with the engine 
operating at rated speed. The inlet temperature and pressure and the 
exhaust pressure were then maintained constant while data were teken 
over a range of engine speeds from rated speed to approximately the speed 
where the exhaust nozzle became unchoked. A summary of the operating 
conditions covered in this investigation is given in the following 
table: 








Reynolds | Inlet total) Inlet total; Ram- 
number — ^. pressure ¡pressure 
OR 


(1b/sq ft) 
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The methods of calculation are given in the appendix. E 


PRESENTATION OF DATA 


The simulated altitude performance data obtained in this investiga- 
tion were corrected to NACA standard altitude conditions and are pre- 
sented in table I. Generalization of data for various engine-inlet con- 
ditions corresponding to a given Reynolds number index requires that 
critical flow be established in the exhaust nozzle. The range of cor- 
rected engine speeds over which the exhaust nozzle of the engine was 
choked is shown in figure 3 for a range of Reynolds number indices cor- 
responding to various altitudes and flight Mach numbers. At all alti- 
tudes, this minimm corrected engine speed at which choking occurred 
decreased approximately linearly from about 7600 rpm at a flight Mach 
number of 0.2 to about 5750 rpm at a flight Mach number of 1.10. The 
data of this report may be used to determine performance only at flight 
conditions in the choked region above this curve. 


ele 


In order to aid in determining the Reynolds number index corre- 
gponding to a given flight condition and thereby determine the engine 
performance at NACA standard altitude conditions from the generalized 
data presented, the values of 5, 6, 9, and Reynolds number index are 
given in table II for a wide range of flight conditions; 100 percent 
rem-pressure recovery was assumed. 


Effect of Engine-Inlet Conditions on Performance x 


In addition to the basic engine performance, two effects of special 
concern regarding exhaust-nozzle sizing and aircraft take-off are the 
effect of engine-inlet temperature on exheust-ges temperature at ses- 
level static-pressure conditions and the effect of engine-inlet ram- 
pressure ratio on exhaust-gas temperature and thrust at low flight 
speeds and low altitudes. However, because of test-facility limitations, 
these effects had to be investigated at altitudes of 15,000 and 
20,000 feet, respectively. 

The effect of engine-inlet total temperature on exhaust-gas total 
temperature is presented in figure 4 for a constant actual engine speed 
of 7950 rpm. A decrease in inlet total temperature from 5529 to 465? R 
resulted in a decrease in exhaust-gas total temperature of approximately 
509 R, and any further decrease in inlet temperature caused the exhaust- 
gas temperature to increase. The data for the performance variables 
presented in figure 4 along with other engine performance deta are 
included in table III. 
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The effect of engine-inlet ram-pressure ratio on corrected 
exhaust-gas total temperature and the corresponding net thrust variation 
for various corrected engine speeds are shown in figure 5. The 
decrease in corrected exhaust-gas total temperature as ram-pressure 
ratio is increased results from an increase in effective flow area of 
the exhaust nozzle, which corresponds to an increase in nozzle flow 
coefficient. The change in effective flow area is caused by the fact 
that the exhaust nozzle is not fully choked and by the existence of a 
poundary layer of subsonic flow around the sonic jet. This layer of 
subsonic flow decreases in depth as the engine-inlet ram-pressure ratio 
is increased, thus increasing the effective area of the nozzle and 
reducing the tail-pipe temperature. The effect of this flow-area change 
becomes constant after a ram-pressure ratio of approximately 1.25 (which 
corresponds to a tail-pipe pressure ratio of approximately 2.5) is 
attained. At this ram-pressure ratio of 1.25, the net thrust loss is 
approximately 3 percent of the thrust that could be obtained if the 
exhaust-gas total temperature had remained constant at the value 
obtained for an engine-inlet static condition. A tabulation of these 
data along with other engine performance parameters is given in 
table IV. 


General Performance Calibration Data 


The effect of Reynolds number index on generalized engine perform- 
ance is shown in figures 6 to 10 where the corrected air flow, corrected 
fuel flow, corrected jet thrust parameter, corrected exhaust-gas total 
temperature, and engine pumping characteristics are presented. The 
variation of corrected air flow with corrected engine speed for various 
Reynolds number indices is presented in figure 6. At a corrected 
engine speed of 7950 rpm, the corrected air flow decreased from 104.0 to 
99.2 pounds per second as Reynolds number index was decreased from 
0.80 to 0.15. The corrected fuel flow (fig. 7) generalized for 
Reynolds number indices from 0.80 to 0.30 at corrected engine speeds 
above about 7500 rpm but increased with a further reduction of Reynolds 
number index. This increase in fuel flow results from the required 
rise in turbine-inlet temperature due to the decrease in compressor 
efficiency and the decrease in combustion efficiency at low Reynolds 
number indices. The increase in corrected fuel flow at rated corrected 
engine speed was approximately 8 percent as Reynolds number index was 
reduced from 0.30 to 0.15. The corrected jet thrust parameter, based 
on scale thrust readings, (fig. 8) generalized throughout the range of 
Reynolds number indices and corrected engine speeds investigated. Cor- 
rected exhaust-gas total temperature (fig. 9) generalized for Reynolds 
number indices from 0.80 to 0.30 but increased with a further reduction 
in Reynolds index. This increase in corrected exhaust-gas total tem- 
perature at the Lower Reynolds numbers is attributed primarily to the 
decrease in compressor efficiency, which requires more work from the 
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turbine to maintain a given engine speed and hence a higher turbine- 
inlet temperature. Figure 10 illustrates the effect of Reynolds number 
index on the engine pumping characteristics. The relation between 
engine total-pressure ratio and engine total-temperature ratio is 
defined by a single line as Reynolds number index is decreased from 
0.80 to 0.30 but shifts in the direction of increased engine total- 
temperature ratio at a given engine total-pressure ratio for a further 
reduction in Reynolds number index. This shift in the curves reflects 
the reduced efficiency of the compressor and turbine at conditions of 
low inlet Reynolds number. 


The corrected engine windmilling speed is shown in figure ll asa 
function of flight Mach number for altitudes from 15,000 to 45,000 feet. 
The corrected engine windmilling speed was unaffected by changes in 
altitude for the range of flight Mach numbers investigated. 


The thrust is dependent upon the exhaust-gas temperature and in this 
investigation the gas temperatures were measured by the engine manufac- 
turer's four-probe and five-probe thermocouple harnesses as well as the 
25 NACA thermocouples. The readings of these different sets of instru- 
mentation differ, with the result that the thrust at a given measured 
temperature will also vary. A comparison of the thrusts obtained is 
presented in the following table for NACA standard sea-level static 
conditions; T———— E 


Performance based on Engine Engine Exhaust-gas 

















(1b) 
exhaust-gas based on NACA 
thermocouple | instrumentation 
reading 
19,1 
(°R) 
Exhaust-gas total 
temperature 
of 1710° R 7950 1710 5894 
Engine manufacturer's 
five-probe thermo- 
couple harness 7950 1760 6074 
Engine manufacturerts 
four-probe thermo- 
couple barness 7950 1766 6098 


“Based on an average of 25 NACA thermocouples located 15.15 in. 
downstream of tall-cone-outlet flange. 


The exhaust nozzle (area, 298.5 sq in.) was sized so as to give 
an exhaust-gas temperature of 1710% R (1250% F) at standard sea-level 
static conditions and rated engine speed. For this exhaust-gas tempera- 
ture of 1710? R, the standard sea-level static thrust is 5894 pounds. 
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Because the engine is normally rated by the manufacturer for an exhaust- 
gas temperature based on a thermocouple reading obtained from the four- 
or five-probe thermocouple harness, thrust velues have been included in 
the preceding table for the thermocouple reading of 1710° R obtained 
from the four- and five-probe systems with the corresponding gas tem- 
peratures included. The four- and five-probe harnesses indicated an 
exhaust-gas temperature between 50° and 60° lower than the true gas 
temperature and therefore give a correspondingly higher thrust for a 
given temperature limit based on a thermocouple reading. The method 
employed in calculating the thrust values is given in the appendix. 


SUMMARY OF RESULTS 


The following results were obtained from an investigation of the 
altitude performance of a J47-25 turbojet engine in an altitude chamber 
over a range of engine-inlet Reynolds number indices from 0.15 to 0.80: 


1. At a constent engine speed, a decrease in inlet total tempera- 
ture from 532% to 465% R resulted in a decrease in exhaust-gas total 
temperature of approximately 50° R. 


2. At a given corrected engine speed and with critical pressure 
ratio existing in the exhaust nozzle, the corrected exhaust-gas tempera- 
ture decreased as the ram-pressure ratio was increased from 1.0 to 1.25. 
Further increases in ram-pressure ratio had no effect on temperature. 
The corresponding net thrust loss at ram-pressure ratios of 1.25 and 
above, due to the reduction in exhaust-gas temperature below the limit- 
ing value, amounted to 3 percent. 


3. At a corrected engine speed of 7950 rpm, the corrected air flow 
decreased from 104.0 to 99.2 pounds per second as Reynolds number index 
was decreased from 0.80 to 0.15. 


4. Corrected exhaust-gas total temperature, corrected fuel flow, 
and engine pumping characteristics generalized for Reynolás number 
indices from 0.80 to 0.30 and the corrected Jet thrust parameter gen- 
eralized throughout the range of Reynolds number indices and corrected 
engine speeds investigated. 


5. The corrected engine windmilling speed was unaffected by changes 
in altitude for the range of flight Mach numbers investigated. 


Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 
Cleveland, Ohio, July 3, 1952 
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APPENDIX - METHODS OF CALCULATION i 
Symbols A 
The following symbols are used in the calculation and on the X 
figures: ed 
A area, sa ft 
Cm thermal expansion coefficient, ratio of hot exhaust-nozzle area 
to cold exhaust-nozzle area 
Ca ratio of effective flow area to physical flow area 
d jet thrust coefficient 
Fa thrust system scale reading, lb 
F} jet thrust, lb 
Fn net thrust, lb 
f/&  fuel-air ratio 
g acceleration due to gravity, 52.2 ft/sec? 
M Mach number l 
N engine speed, rpm 
P total pressure, lb/sq ft absolute ` 
p static pressure, 1b/ sg ft absolute 
R gas constent, 53.3 ft-1b/(10)(?R) 
R R ld ber ind 31 
e eynolds number ex, "NIA 
T total temperature, °R 
Ty indicated total temperature, °R 
V velocity, ft/sec i 
Wa, air flow, 1b/ sec 


2% 
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We fuel flow, lb/hr 

Wg gas flow, 1b/sec 

T ratio of specific heats 

ratio of engine-inlet total pressure P4 to NACA standard sea- 

level pressure, 2116 lb/sq ft 

6 ratio of engine-inlet total temperature T4, to NACA standard 
sea-level temperature, 519% R 

p ratio of coefficient of viscosity corresponding with T, to 
coefficient of viscosity corresponding with NACA standard. sea- 
level temperature, 519? R 

Subscripts: 

O free-stream conditions 

0a bellmouth inlet 

1 engine inlet 

2 compressor inlet 

3 compressor outlet 

5 turbine outlet 

9 exhaust-nozzle inlet 

10 exhaust-nozzle outlet 

cl compressor 12-stage leakage air flow 

d thrust-cell measurement 

e eguivalent 

i indicated 

n vena contracta at exhaust-nozzle outlet 

r rake 

S scale 
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Calculations 


Flight Mach number and velocity. - The flight Mach number assuming 


complete ram-pressure recovery was computed as 


(1) 





Temperature. - Total temperature was determined by a calibrated 
thermocouple with an impact-recovery factor of 0.85 from the indicated 
temperature by the following eguation: 


r-i 
Y 





(2) 


Engine air flow. - Because of the large amount of air-flow leakage 
at the station where the engine inlet screens are mounted, the gas flow 
was determined at the exhaust-nozzle exit from total pressure and tem- 
perature at the nozzle inlet (station 9) by the following eguation with 
the assumption that no energy loss occurred between the nozzle inlet 
and exit: 


Ne ar Op Ca Aigo Pn 





where in the subsonic case 


Pn = Po 


Se9c 
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and in the choked case 


EE. M 


-1 
a 


The value of the flow coefficient was determined from reference 2 using 
the area ratio and cone angle of the particular nozzle employed in this 
investigation. The magnitude of the flow coefficient is presented in 
the following curve: 


A ES eis. Deeg 


8 









«95 






Exhaust-nozzle flow 
coefficient, Ca 





.90 


The compressor-inlet air flow was then determined from the nozzle 
gas flow by 


Wa,2 = Mea" We,e + Va, ei (4) 


where the compressor leakage air flow Wa, cj Was measured at two instru- 
mented mid-frame bleed ports. 


The engine-inlet air flow Wa di based on pressure and temperature 


measurements in & bellmouth nodnted on the front of the engine was 
determined by the same general equation as for the tail-pipe gas flow. 
The percentage of leakage at the section housing the inlet screens is 


" ` Wa,1 7 Va,2 
a, 1-2 Wa, 2 


and was 3.3 percent of the compressor-inlet air flow Wa ,2 for the 
range of conditions covered in this Investigation. 
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Thrusts. - The jet thrust as determined from the thrust system 
measurements was calculated from the equation 


W 
1 "a,l 
F; g = Fa + (Agear ~ Ag) (Pi - Psea1) + Ag(Pi - Po) + 0.80 E r1 foa) 


(5) 


where the last term is the momentum force existing at the bellmouth 
inlet which was experimentally determined by instrumentation located on 
the surfaces of the bellmouth and bullet along with instrumentation at 
station 1. The net thrust will be determined by subtracting the equiv- 
alent momentum of the air at the engine inlet from the jet thrust. 


Par " 


Jet thrust coefficient. - The jet thrust coefficient is defined as 
the ratio of scale jet thrust to rake jet thrust: 


F 
o, = ali (7) 
J Fir 
where 
We n 
n, nt AnfPn - Po) (8) 


The charts in reference 3 were used in the solution of the preceding 
equation. When all the data obtained in this investigation were 
employed, the jet thrust coefficient was found to be independent of 
exhaust-nozzle pressure ratio and was a constant value of 0.99. The 
scatter in the coefficient values was approximately +1 percent for the 
range of conditions investigated. 


Determination of performance for particular flight condition. - 
For a given flight condition, values of Re, 5, aná 6 can be obtained 


from table II. If these generalizing parameter values and engine speed 
are known, air flow, fuel flow, and exhaust-gas temperature can be 
obtained from the various performance curves. In order to determine 
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the net thrust, the jet thrust parameter must first be corrected to the 
desired flight condition to obtain the jet thrust. Then in order to 
obtain net thrust, the leakage between stations 1 and 2 must be added 
to the air flow for station 2 so that 


W + Wa 
_ [22,8 &,l- y 
Fha = F} ( E d O 


Sea-level static thrust ratings. - Because of the effect of inlet 
rem pressure on exhaust-gas temperature, data taken at an altitude of 


5000 feet and fligbt Mach number of 0.2, which are included in the fol- 
lowing table, had to be corrected to sea-level static conditions in 
order to determine the sea-level thrust for the engine. 





For sea-level static engine-inlet conditions, en engine speed of 
7950 rpm, and a given exhaust-gas temperature, the tuil-pipe total pres- 
sure may be determined from the engine-pumping-characteristic curves; 
therefore, the pressure ratio across the exhaust nozzle may aiso be 
determined. A plot of corrected fuel fiow ageinst engine temperature 
ratio will give the fuel flow for the proper exhaust-gas temperature. 
The compressor-inlet air flow may be determined from a plot of corrected 
air flow against corrected engine speed. In order to determine tail- 
pipe gas flow, compressor leakage air flow must be deducted and fuel 
flow added to the inlet air flow. From fuel flow, air flow, and 
exhaust-gas temperature, a value for ro may be obtained. Al the 


factors that are required to calculate the rake jet thrust from egua- 
tion (8) are now known. To the rake jet thrust there must be applied a 
jet thrust coefficient obtained from the value presented in this appen- 
dix in order to obtain the final sea-level jet thrust value. 


14 See. NACA RM E52G22 


The preceding sea-level static thrust calcualtion required the use 
of two assumptions: 


(1) The required nozzle-area change for the range of exhaust-gas 
temperatures of interest has no effect on the engine pumping 
characteristics. 


(2) The required nozzle-area change for the small change in 
exhaust-gas temperature has no effect on the curve of corrected air 
flow against corrected engine speed. Both of these assumptions were 
checked with data that were obtained during this investigation and 
verified as accurate and logical assumptions. 
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TABLE I. - STANDARD 
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ENGINE PERFORMANCE DATA 


Pg 
SE 


T9,1; (°R 


Va? 


(1b/sec) 
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{niet indicated 


Correoted engine 
thrust paran- 


eter 


Corrected com- 
preasor-inlet 
air flow 
Corrected jet 


ac e To 4 


nostla-inlet indi- 
(OR 


Engine mfg, 4-probe 
cated te 


probe noz£le-inlet 
tot&l pressure, Pg 


probe nozzle-inlet 
(1b/sq ft abs) 


total pressure, 


Wa 2181/51 


Compressor- 
inlet air 
(1b/sec) 

(F j+ppA, Vë) 
(ip) 


Engine mfg. 5- 
flow, 


Air frame mfg. 3- 


(1b/sq ft abs) 


; 
i 
3 





508 | 1868 | 2. Y | 35 | 858 | 677 | 8815 | 105.58 | 6981 | | 
[4371 432 | 961 | 38 6 — | eet ase NEN: 587 | eos —1 328i — E550 [ 8 Sado | 3299 |. 1269 | O6 — 

[see | 1285 | 1274 | 26.4 | 7% ro ose | Sei 088 | —1551 | 98-51 E532 | 1658 | 9520 — 
gor | eis | 1595-1 1498 —| CHA | 882 | ,0147 | 1105 | TO 168086 | 101.6 [| 66sl | 1817 | 10,540 — 
628 | 6357 | 1471 | 1478 ( 17.1 [| 975 | .0161 [1166 | 765 |  Gsll | 105,1 | 7588 | 1929 [10,810 | 
L 0647 | 653 | 1651 | 1558 | 17.2 [10589 | .0175 [1227 | 819 | 8690 | 104,4 | 8087 | 201i [11,240 | 
L 872 | 676 | 1636 | 1633 [| 17.4 | 1155 | .0189 | 1262 | 862 ^| 8652 | 105.6 | 8758 | 2124 [11,540 — 
L zm | geg E 564 |: SOT | 17.7 | SIS | ,0002 1 823 | 371 | 8835 | 3 “TOPE —1—31121 —] —E244 T I8 10 
| sis | 617 | 1105 | 1111 | (38-35 | $87 | orgy ices | sel | 7121 | 95.6 | 318668 | 127 | 285900 | 
| 741 | 7358 ! 1569 | 13/15 —— [—1-1 [1062 | .0142 | 1598 t 848 | 5073 | 102.1 | £446 | 3783 ] 10,550 — 


set ts AOS E 1-016 T1898 IE AR eee 1 35:8 | tut | —31:52— deg 
CS 1588-1559 —1—25-1— 3285 oLa "1728 — 1-394 — | Gori 102.5 | eMe — L5. ES 
iss | ats | 1457 | 1447 | 25:9 | 1986 | 20152 | 1830 — L | 0320 | JUkla J| , re TS 
ASH õtte ee ee ore te ts 10:656 — 
CA | — 995 | 151956 | 1523 | 26,4 11524 | ,016% |1369 — [1255 | 898 | 105,3 | : Ji O 
693 | sõi | 368 | "977 | 26.7 | 766 | .0075 | 1067 | 432 | 6243 | 77.8 | 

|. 1188 | 115 j 106 | 1258 | 34.3 [1595 | ,0114 | 1858 — | 1986 | 716; | 34.5 "AE | 1432 | 8560 | 
iae pei ie 12485 314 12872 qome 1224: — 238. [mes 512 82-31 18807 3500 


| 935 | 9%] | 250 — $51 — 1 31.9 1 838 | ogra | 1278 —] ëss SE See : A t — 
: | 1551 | 59.6 | LIS | 12999 — | 3 aS | 96,6 [| 4536 : : 


31 | 1208 | 1251 | 5 11418 | 1 I A: 16 | 1186 ) 8% 

CB 1 185 1381 | 155 | 37.87 AS 1.0128 | pare | 14:8 [| (631 108.> | 118 | desd | 2759 

| 1378 | asi | iasi | 35.5 [1994 H + E E 
= j ie 1458 j 58:5 —]| 2082 | 20154 [2851 tess — 689 

S SS SS JS SEGS In gi i ES, E JE SS sage = FEE! 

ps | 4335 | 1878 | 1882 | [2955 SE E LE 6 A 
AR | 1085 | Sii : 
i 





[ 1815 | 1828 | 1559 | 1551 | 46.9 |2722 | .0158 | SE Case | 8155 1.8 | —5167 | 1778 | 10,696 | 
Ce peri 1653 | 1861 | 48.6 [3015 | 0177 [3619 — [2245 M 6363 [108.1 | 708 | 1897 | 10.960 — 


| i660 | 49.41 | 5052 | .0176 | (2289 | 8351 | 105.3 | 7163 | | 10,940 —— 
L— 1275 | -128* — io |. S07 =) =o <3 | 2118 LSZ [| Ed | 75,8 [| 1945 t 155, [| "BDO | 
| 1525. | 1544 | 1069 | 1069 | 49.2 [1455 | .OQ8£ | 2796 [1105 | 6725 | [ 2902 | 12-6 | T7519 | 
SO) 1785 | 1251 | 1227 | v» Lexy | ,0107 [5466 | 1842 | 71688 | 25.5 | 5995 | 1599 | anco | 
| 1958 | 1357 | 13555 | 12480 | ,0125 į p701 | 1994 | 250. — Als AE — | 09408 | 
2928 042 | —1424 | 1122 | 57.2 Peres | couse letar | 2187 | 7819] |. 16335 | 9860 | 
E 2171 | 1546 | 1544 _ | 59.4 Lä [4472 | Las DEA 75 Lio 466 —] 
| 2580 | 2290 | 18653 | 1658  [ 59.5 | 56 aX} ETIS OO 3785 — 946 | Mé | 1666 | RUNE i 
4748 | 1758 | 199 | 307 | 58.7 11102 | .0054 | 5929 ts ji t sõit eo — 
[0097 | 20/68 3 1054 | 1058 | 66.1 | LIIG | .0074 [3050 | , 2 | 496i | 6220 | 
| 2403 | d | dec | 12.6 | 2538 | .0100 | 4016 LAKE St Lose | 7340 | 
ostes p £30 | i459 | ivi | 119 [95 | «OLL 240 D | 935-7 | : |. 8290 0 | 
E | 1804 7] az: i HORE -3765 [orst | oaks | 2794 ba | — 96.7 | 45/89 t 1448 j  S830 | 
(3994 | 207 | 1310 [4095 [.9143 13835 1 3c O LAO | 98.9 | — EN. | 9150 | 
3115 [2406 | 19150 |5879 | 355945 | 7596 | 100,5 — Sig e aa 

" Se is] tee | 31852 ] eiio ass | “Ote [eese [sele | eos | dose | tidi 


TM 


18 CATA 


NACA RM E52G22 


TABLE II,- REYNOLDS NUMBER INDEX VARIATION WITH 
FLIGHT MACH NUMBER AND ALTITUDE 
(Ram-pressure recovery, 1.00.] 
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Station 1, engine injet Statlon 9, 


Station 10, 


(before inlet screens) turbine outlet exhaust-nozzle outlet 


Station 4, 


Station 9, 


burbins inlet exhaust-nozzle inlet 


Station 2, 
compressar inlet Station 3, 
(after inlet goreena) compressor outlet 
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8no ingtrumentation at station 2. 
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Figure 1. - Cross section of engine ahowing location of instrumentation, 
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O Static-pressure tube (wall and rake) 
O  Total-pressure tube 
X Thermocouple 

21 inches upstream of leading edge 


(&) Instrumentation at engine inlet, station d. 
of compressor-inlet guide vanes. Viewed from upstream. 


Figure 2. - Instrumentation sketches of various measuring stations. 
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@ Wall static-pressure tube 
O  Total-pressure tube 
X Thermocouple 


(b) Instrumentation at compressor outlet; station 3, 2 inches downstream of 5 
trailing edge of compressor-outlet guide vanes. Viewed from upstream. 


Figure 2. - Continued. Instrumentation sketches of various measuring stations. 
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O Total-pressure tube 
X  Thermocouple 


(c) Instrumentation at turbine inlet, station 4, 15 inches upstream of 
leading edge of turbine-inlet guide vanes. Viewed from upstream. 


Figure 2. - Continued. Instrumentation sketches of various measuring stations. 
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Wall static-pressure tube 


e 
O  Total-pressure tube 
x Thermocouple 


(d) Instrumentation at turbine outlet, station 5, 23 inches downstream of 
trailing edge of turbine blades. Viewed ffom upstream. 


Figure Z. - Continued. Instrumentation sketches of various measuring stations. 
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Projected locations of 
the engine combustors 


S698 


Wall static-pressure tube 
Totai-pressure tube 
Thermocouple 
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(e) NACA instrumentation at nozzle inlet, station 9, 15.15 inches 
downstream of tail-cone-outlet flange. Viewed from upstream. 












Totel-pressure tube 
Thermocouple 
Five probe 
Four probe 


opm XO 


Engine manufacturer's instrumentation Air frame manufacturer's instrumentation 


(f) Engine and air frame manufacturers! instrumentation at nozzle inlet, station 9, 15.15 inches 
downstream of tail-cone-outlet flange. Viewed from upstream. 


` Figure 2. - Concluded. Instrumentation sketches of various measuring stations. 
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Corrected engine speed, N/-/9,, rpm 


Exhaust-gas total temperature, OR 
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Exhaust nozzle 
choked 


5292 


Exhaust nozzle 
unchoked 





Flight Mach number, My 


Fígure 3. - Minimum corrected engine speeds at which critical flow 
existed in the exhauat nozzle. 
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Figure 4. - Effect of engine-inlet total temperature on exhaust-gas total 
temperature. Engine speed, 7950 rpm; altitude, 20,000 feet; flight Mach 
number, 0.2. 
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(a) Corrected exhaust-gas total temperature. 
3 Else 
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" Engine-inlet ram-pressure ratio, Pi/po 
(b) Net thrust loss. 
S Figure 5. - Effect of engine-inlet ram-pressure ratio on corrected exhaust- 
gas total temperature and net thrust loss for various corrected engine 
` speeds. 


ae. NACA RM E52G22 





105 





P y d 










Corrected air flow, Wa 2 V81 / Du: 1b/sec 
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Figure 6. - Variation of corrected air flow with corrected 
engine speed for various Reynolds number indices. 
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Corrected fuel flow, He / 3, 8. , lb/hr 


O ’ 
5000 | 6000 7000 8000 9000 
Corrected engine speed, N/-/57,, rpm 


Figure 7. - Variation of corrected fuel flow with corrected 
engine speed for various Reynolds number indices. 
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Corrected jet thrust parameter, 
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Reynolds number 
index 





Corrected engine speed, IECH rpm 


Figure 8. - Variatlon of corrected jet thrust parameter with 
corrected engine speed for various Reynolds number indices. 
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Corrected exhaust-gas total temperature, dë 94 , OR 
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5000 6000 7000 8000 9000 
Corrected engine speed, N/-/5,, rpm 


Figure 9. - Variation of corrected exhaust-gas total 
temperature with corrected engine speed for various 
Reynolds number indices. 
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Engine total-pressure ratio, P/P; 
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1.5 2.0 Goo 3.0 3.5 4.0 4.5 
Engine total-temperature ratio, T/T, 


Figure 10. - Variation of engine total-pressure ratio with engine total- 
temperature ratio for various Reynolds mumber indices. 
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Altitude 
(ft) 


O 15,000 
D 35,000 


2625 ' 


Corrected engine speed, N/V > rpm 





O sa Á 6 8 1.0 1.2 
Flight Mach number, M, 


Figure 11. - Variation of corrected windmilling engine speed with flight 
Mach number at three altitudes. 
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